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GROUP III -NITRIDE-BASED COMPOUND SEMICONDUCTOR DEVICE 

The present application is based on Japanese 
patent application No . 2003-322541, the entire contents 
5 of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to a group 
10 Ill-nitride-based compound semiconductor device and, 
more particularly to a group Ill-nitride-based compound 
semiconductor device that has a high electrostatic 
withstand voltage . 

15 THE RELATED ART OF THE INVENTION 

A group 1 1 1 -nit ride-based compound semiconductor 
device is coming into general use as a light emitting 
device, for example, in the green, the blue, and the 
ultraviolet region. However, the properties of the 

20 group Ill-nitride-based compound semiconductor device 
still leave room for improvement, except for 
luminescence intensity. Especially, the 

electrostatic withstand voltage thereof is by far lower 
than that of a gallium-arsenic-based or an 

25 indium-phosphorous-based light emitting device, and 
thus an extensive improvement in the. electrostatic 
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withstand voltage is needed, 

Japanese patent application laid-open 

No. 2001-148507 discloses a technique that improves 
the electrostatic withstand voltage of a group 
5 Ill-nitride-based compound semiconductor light 
emitting device. The technique thereof is to provide 
a p-type low-concentration doped layer, in which a low 
concentration of acceptor impurity is doped, or an 
undoped layer in which a minor amount of acceptor 

10 impurity is inadvertently doped, between a p-cladding 
layer and a p-contact layer. According to this 
particular technique, it is necessary that the p-type 
low-concentration doped layer has a thickness of 
approximately 200 nm. However, this layer has a high 

15 resistivity and yet a large thickness, which causes an 
increase in the resistance thereof. Consequently, 
this layer is considered to increase a voltage for 
driving the device. 

20 SUMMARY OF THE INVENTION 

The present invention has been completed based on 
the concept that the driving voltage is further lowered 
by decreasing the acceptor impurity of p-type 
low-concentration doped layer and by decreasing the 
25 thickness of p-type low-concentration doped layer. 

It is an object of the present invention to provide 
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a group Ill-nitride-based compound semiconductor 
device that has an improved electrostatic withstand 
voltage as well as reduced driving voltage. 

According to the first aspect of the present 
5 invention, a group 1 1 1-nit ride-based compound 
semiconductor device comprises: 

a first p-layer and a second p-layer, to each of 
which an acceptor impurity is added; and 

an intermediate layer provided between the first 
10 p-layer and the second p-layer, 

wherein the intermediate layer is doped with a 
donor impurity of such a concentration that a hole 
generated by an acceptor impurity inadvertently 
introduced into the intermediate layer during its 
15 manufacturing process is substantially compensated. 

The wording "substantially compensates for the 
generation of holes" means that holes which could be 
generated by the concentration of the acceptor impurity 
are cancelled out by electrons generated by the donor 
20 impurity and as a result a hole concentration in the 
intermediate layer is substantially the same as that 
in a group I I I-nit ride-based compound semiconductor 
with no impurity added. The hole concentration may 
preferably be decreased to equal to or less than 10 17 /cm 3 , 
25 for example. 

The donor impurity doped into the intermediate 
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layer may be doped with a concentration distribution 
corresponding to a concentration distribution of the 
acceptor impurity in the intermediate layer. 

The expression "a concentration distribution 
5 corresponding to a concentration distribution of the 
acceptor impurity in the intermediate layer' 7 is the one 
that takes into account an activation rate. More 
specifically, if the activation rate of the acceptor 
impurity is equal to that of the donor impurity, the 

10 concentration distribution of the donor impurity in the 
direction of thickness is made to substantially 
correspond to that of the acceptor impurity in the 
direction of thickness. If the activation rate of the 
acceptor impurity is one-tenth of that of the donor 

15 impurity, the concentration distribution of the donor 
impurity in the direction of thickness is made 
substantially equal to one-tenth of that of the acceptor 
impurity in the direction of thickness. 

The acceptor impurity may be magnesium (Mg) and 

20 the donor impurity may be silicon (Si) . 

Silicon may have a concentration distribution 
substantially 1/10 that of magnesium. 

The intermediate layer may have a hole 
concentration equal to or less than 10 17 /cm 3 . 

25 The first p-layer may include a p-cladding layer 

made of p-type AlGaN doped with Mg, and the second 
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p-layer may include a p-contact layer made of p-type 
GaN doped with Mg . 

According to the second aspect of the present 
invention, a group I II-nit ride-based compound 
5 semiconductor device comprises: 

a sapphire substrate; 

an n-contact layer formed on the sapphire 
substrate ; 

an n-cladding layer formed on the n-contact layer; 
10 a light emitting layer formed on the n-cladding 

layer; 

a p-cladding layer and a p-contact layer, to each 
of which an acceptor impurity is added; and 

an intermediate layer provided between the 
15 p-cladding layer and the p-contact layer, 

a thin film p-electrode disposed on the p-contact 

layer; 

a thick film p-electrode disposed on the thin film 
p-electrode; and 

20 an n-electrode disposed on the n-contact layer, 

wherein the intermediate layer is doped with a donor 
impurity in a concentration, by which holes generated 
by an acceptor impurity introduced therein during a 
manufacturing process are substantially compensated. 

25 The light emitting layer may include a 

multiquantum well structure formed on the n-cladding 



5 



WO 2005/029595 



PCT/JP2004/013082 



layer by laminating multiple pairs of well layers of 
undoped InGaN and barrier layers of undoped GaN. 

The thin film p-electrode may be formed of a first 
layer of cobalt and a second layer of gold. The thick 
5 film p-electrode may be formed by laminating a first 
layer of vanadium, a second layer of gold, and a third 
layer of aluminum in sequence, on the thin film 
p-electrode. The n-electrode may be formed by 
laminating a first layer of vanadium and a second layer 
10 of aluminum on a partly exposed portion of the n-contact 
layer . 

A reflective metal layer of aluminum may be formed 
on the lower surface of the sapphire substrate. 

The intermediate layer according to the present 

15 invention exhibits an extremely low conductivity. 
Even if the intermediate layer is as thin as 100 nm or 
less, the electrostatic withstand voltage of the group 
Ill-nitride-based compound semiconductor device will 
significantly improve. In addition, there is almost 

20 no increase in the driving voltage due to the provision 
of the intermediate layer, and the properties of the 
group I II-nit ride-based compound semiconductor do not 
deteriorate. With respect to an action that provides 
such effects, the intermediate layer of the present 

25 invention is considered to be effective in exerting an 
action by which an applied voltage does not concentrate 
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on a part of the p-electrode side but extends widely 
across the p-electrode side. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG • 1 is a cross-sectional view of a group 

Ill-nitride-based compound semiconductor device 100 
according to an embodiment of the present invention, 
and 

FIG. 2 is a schematic diagram of concentration 
10 distributions of magnesium and silicon in an 
intermediate layer of the group Ill-nitride-based 
compound semiconductor device 100 according to the 
embodiment of the present invention. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention 
will now be described. The "an acceptor impurity 
inadvertently introduced in a layer during its 
manufacturing process" means an acceptor impurity 
20 mixed thereinto for somewhat technical reason although 
the acceptor impurity is not intentionally mixed when 
forming the concerned layer. 

The technical reasons include migration from an 
adjacent layer, contamination due to an imperfect 
25 changeover of introduced raw materials at a time of 
transition when a different layer is formed (so-called 
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memory effect) , and contamination "constantly" 
generated in a trace amount due to, for example, 
inadequate cleaning of manufacturing equipment. In 
the embodiment described below, it is assumed that the 
5 acceptor impurity is not deliberately incorporated into 
the intermediate layer, but is spontaneously mixed into 
it in the following manufacturing process. 

The donor impurity is added in accordance with a 
measurement of a concentration distribution of the 

10 acceptor impurity to be mixed through the formation of 
the intermediate layer as described above. If the 
acceptor impurity is magnesium and the donor impurity 
is silicon, it is necessary to determine a concentration 
distribution of the silicon taking into account the 

15 activation rates of magnesium and silicon. Since the 
activation rate of magnesium is approximately one-tenth 
of that of silicon, silicon should be added with a 
concentration distribution corresponding to one-tenth 
of the concentration distribution of magnesium. 

20 The constructions of the first p-layer and the 

second p-layer are arbitrary. When a light emitting 
device is formed, an n-side layer ( s ) (one or more layers , 
possibly including multiple layers), a light emitting 
layer, a first p-layer, an intermediate layer, and a 

25 second p-layer are laminated in sequence, and on the 
second p-layer, an electrode is formed. In this case, 
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preferred that the hole concentration should be reduced 
by adding a donor. In other words, the concentration 
distribution of the hole depending on that of the 
acceptor impurity does not have to be completely 
5 compensated by the concentration distribution of the 
donor impurity . 

The present invention is not limited to the above 
embodiment and other different variations are possible . 
For example, each group Ill-nitride-based compound 

10 semiconductor layer can be binary to quaternary AlGaln 
of any mixed crystal ratio. More specifically, a 
binary, ternary (GalnN, AlInN, AlGaN) or quaternary 
(AlGalnN) group Ill-nitride-based compound 

semiconductor, which is represented by a general 

15 formula: Al x Ga y Ini_ x - y N (O^x^l, 0<y^l, 0^x + y^l), can be 
used. A part of the N of such a compound may be replaced 
by a group V element such as P or As . Additionally, 
the protective film 130 is formed in the above-mentioned 
embodiment, but it may be omitted. Also, in the same 

20 embodiment, the reflective metal layer is formedon the 
undersurface of the sapphire substrate and the 
translucent thin film p-electrode is provided at the 
p-electrode side, but in order to produce a flip chip 
type, instead of forming the reflective metal layer on 

25 the undersurface of the sapphire substrate, an 
electrode layer which also serves as a light reflection 
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layer may be provided at the p-electrode side so as to 
build a structure that permits taking out light from 
the undersurface of the sapphire substrate. 

While only selected embodiments have been chosen 
5 to illustrate the present invention, it will be apparent 
to those skilled in the art from this disclosure that 
various changes and modifications can be made herein 
without departing from the scope of the invention as 
defined in the appended claims. Furthermore, the 
10 foregoing description of the embodiments according to 
the present invention is provided for illustration only, 
and not for the purpose of limiting the invention as 
defined by the appended claims and their equivalents. 
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